INTRODUCTION
Soviet sedimentologists use the term "coarse silt" to denote the size fraction 0.1 to 0.05 mm (50-100 µm). Petelin (1961) has shown that this fraction is most diagnostic for terrigeneous and volcanogenic mineral assemblages and provinces in Recent deep-sea sediments, because of its greatest variability of both heavy and light non-opaque minerals, which may be easily identified by the common immersion method. We believe that the fraction is suitable for mineralogical study of unconsolidated and friable sediments from DSDP cores as well, if the objective is to investigate their source area and transporation tracks. In the case of fine-grained oceanic sediments, mineral composition of the coarse silt does not differ markedly from that of the "coarse fraction" (>62 µm).
We studied the coarse-silt fraction from Japan Trench sediments drilled during DSDP Legs 56 and 57, to determine the origin of clastic minerals, which are supposed to be both volcanic and terrigeneous. Some authigenic minerals were also found, and we discuss them briefly in this chapter.
We separated the 0.1 to 0.05 mm fraction by wet sieving, after dispersion of sediment samples in water with tripolyphosphate solution. Heavy and light fractions were separated using bromoform with specific gravity 2.9. We then studied both heavy and light fractions by the immersion method, counting 300 to 500 grains in each, if available. The results are represented as grainfrequency percentages in Table 1 . We also recalculated the data on the basis of non-opaque heavy minerals and characteristic ratios ( Table 2) .
The studied set of samples comprises most of the Neogene to Quaternary lithologic units, distinguished on both legs, as well as a minor amount of Miocene turbidites and upper Oligocene shallow-water deposits from Site 439. The coarse-silt fraction is too scarce to be counted in the pelagic clay drilled at Site 436, and the Cretaceous shales (Site 439) and cherts (Site 436) are not friable enough to be dispersed.
HEAVY MINERALS
The heavy fraction ranges from traces to about 10 per cent of the coarse silt. Opaque minerals and rock fragments make up 25 to 92 per cent of the total heavy fraction; non-opaque minerals constitute the rest. Authigenic pyrite is commonly a prevalent opaque constituent of the fraction in hemipelagic sediments, as well as in turbidites and in shallow-water sandstones, but it is absent in the Miocene radiolarian-diatomaceous claystone, transitional from hemipelagic to pelagic, as well as in the pelagic clay drilled at Site 436 on the oceanic slope. In several samples of Pliocene and Miocene sediments from the inner trench slope, pyrite constitutes 65 to 86 per cent of the heavy fraction, masking relations among non-opaque minerals.
The non-opaque heavy minerals are mainly clastic, except for two samples from the Miocene transitional beds at Site 436, where we found 66 and 94 per cent of authigenic rhodochrosite (identification confirmed by X-ray), as well as the upper Oligocene sandstone unit at Site 439, where rhodochrosite constitutes 2 to 71 per cent. The heavy fraction from a single upper Miocene hemipelagic diatomaceous vitric silty claystone sample from Site 434 also contains 17 per cent authigenic carbonate, probably rhodochrosite.
In the Neogene to Quaternary hemipelagic sediments, pyroxenes and hornblende strongly predominate over other clastic non-opaque minerals, constituting together 73 to 98 per cent of the total (Table 2) . Pyroxenes are more abundant than hornblende, and orthopyroxene commonly prevails over clinopyroxene. The orthopyroxene is mainly pleochroic hypersthene in elongated grains and euhedral crystals, some with glassy rims. Clinopyroxenes are represented by light-brown augite with minor amounts of diopside and other varieties. Euhedral augite is common. Amphiboles are represented both by green and brown hornblende, with a minor admixture of dark-reddish-brown oxyhornblende.
The other minerals identified in the heavy fraction of hemipelagic sediments are epidote, garnet, zircon, apatite, sphene, barite, anatase, and rutile. We found the epidote group minerals in a great majority of samples. Their frequency in some samples is comparable with that of hornblende. Others are rather scarce or sporadic.
The two-pyroxene and hornblende assemblage of heavy minerals apparently represents island-arc andesitic belt volcaniclastic material, but it does not necessarily represent ash falls at the site: more or less prolonged reworking may have occurred before deposition in the deep-sea environment. Hornblende is only partly of volcanic origin, the rest being associated with a terrigenous mineral assemblage which in the hemipelagic sediments contains epidote, garnet, zircon, apatite, sphene, and rutile. The epidote + hornblende (+ pyroxene) terrigenous assemblage is widespread in the Recent circum-Pacific mineral megaprovince (Petelin and Alexina, 1970; Murdmaa et al., 1979) .
Comparing the heavy minerals in the Japan Trench hemipelagic sediments from different sites and of different ages, we observed rather indistinct changes. The proportion of the two-pyroxene assemblage is greatest on the lower inner trench slope (Site 434), decreasing both toward upper slope (Sites 435, 438) and on the outer slope (Site 436), where epidote, hornblende, and other terrigenous minerals tend to increase in frequency with respect to pyroxenes.
Another trend is an increase in the proportion of the terrigenous assemblage with increasing age of sediments. This trend is slight on the lower trench slope (Site 434) and on the outer slope (Site 436), but it is particularly apparent on the terrace edge (Site 438). In Quaternary and upper-Pliocene sediments at Site 438, pyroxenes predominate, whereas in the lower Pliocene and, even more, in the upper and middle Miocene, epidote + hornblende prevails over pyroxenes, with a corresponding increase in garnet and zircon frequencies. The lower-Miocene turbiditic sequence and the upper Oligocene sandstones and siltstones at Site 439 appear to continue this trend, showing apparent predominance of the terrigenous assemblage. Pyroxenes, especially hypersthene, are rather scarce in heavy fractions from these deposits. The epidote group prevails over other non-opaque minerals, constituting up to 55 per cent of the total (Table 2) . Garnet, zircon, and apatite show relatively high frequencies; sphene, tourmaline, and biotite occur sporadically. The data show that silt-size volcaniclastic products occur as minor constituents in lower Miocene turbidites and are likely absent in upper Oligocene shallow-water deposits. Our conclusion corresponds with that of Miki and Takahashi (this volume), but is even more categorical.
LIGHT FRACTION
The light fraction of the coarse silt, along with clastic grains, contains considerable biogenic opal (large diatoms, radiolarians, and sponge spicules), and occasionally some biogenic or authigenic calcite. "Unidentified" grains, mainly rock fragments and lithic ash, constitute 8 to 68 per cent of the fraction, in most samples ranging from 20 to 40 per cent (Table 1) .
Plagioclase, quartz, and volcanic glass are the dominant identified clastic grains in all samples; however, their quantitative interrelations vary widely. We expressed these variations by ratios: quartz to feldspar, labradoritic plagioclase (index of refraction > 1.54) to other feldspars, and volcanic glass to quartz + feldspar.
The quartz-to-feldspar ratio in terrigenous mineral assemblages of the deep-sea sediments is generally indicative of the relative influence of acidic and basic rocks in source areas, and it is also sensitive to "maturity" of terrigenous clastic material, rising with repeated reworking and weathering cycles. Because island-arc andesitic volcanic products contain very little quartz and much plagioclase, their quartz-to-feldspar ratio is extremely low, far below unity, so andesitic, dacitic, or basaltic volcaniclastic material results in decreasing values of the ratio in heterogeneous coarse fractions. High values of the labradoritic to alkaline feldspars ratio are indicative of unaltered andesitic-belt volcanic products or basic parent rocks, whereas low figures appear if albitized greenstones or granitic or alkaline rocks supply the clastic material. The glass to crystalline matter ratio indicates the proportion of vitric tephra or pumice. It is very high in vitric-ash interbeds, and decreases to zero in terrigenous sediments, as well as in coarse-grained, reworked lithic-crystal volcaniclastic material (Murdmaa et al., 1979) .
In the Japan Trench Neogene to Quaternary hemipelagic sediments, the quartz-to-feldspar ratio is less than 1.0 throughout, except for a few samples where it increases up to 2.0. These exceptions belong to samples in which both feldspar and quartz show low concentrations relative to abundant volcanic glass or biogenic opal, so the grain counts may be not representative. Hence, the ratio is indicative of a predominant andesitic-belt volcaniclastic assemblage, but we assume that there is some enrichment in quartz relative to primary pyroclastic matter.
The calcic to alkaline feldspars ratio in the hemipelagic sediments is variable, ranging from 1.1 to 28.0. In the great majority of the samples, labradoritic plagioclase apparently predominates over silicic plagioclase (with trace amounts of potassium feldspar), indicating an andesitic-belt mineral assemblage.
The vitric to crystalline matter ratio in the light fractions from hemipelagic sediments ranges from 0.5 to 24, showing wide variations in relative abundances of both constituents. Rather low values (commonly 0.9 to 2.6) occur at inner-slope sites, except for vitric-ash interbeds. At Site 436 on the oceanic slope, predominance of vitric silt is much more apparent, especially in the lower part of the hemipelagic section, where the ratio ranges from 3.8 to 24. We assume that the difference is caused by gravity sorting of the primary volcaniclastic material, so that lighter vitric particles tend to be transported farther from island-arc source areas as compared with heavier crystalline material. Also, floating pumice may carry the vitric components to any distance. Furthermore, the inner-slope sediments probably contain a considerable proportion of terrigenous quartz and feldspar, carried by near-bottom gravity transport, which does not reach the oceanic slope.
The light fractions in lower Miocene turbidites and upper Oligocene shallow-water deposits at Site 439 differ markedly from those of the hemipelagic sediments. Rock fragments and altered minerals make up more than 50 per cent of the fraction. Volcanic glass is absent (except for one sample), and the vitric to crystalline matter ratio is zero. The quartz-to-feldspar ratio is variable (0.2-3.0), thus showing both "mafic" and "acidic" composition of the source material. The ratio of feldspars ranges from 0 to 2.2; in most samples it is below unity, indicating metamorphic or acidic igneous parent rocks. The data indicate that the clastic silt is terrigenous.
Rare grains of authigenic (?) zeolite and glauconite occur occasionally in the light fraction.
DISCUSSION
We recognized two clastic mineral assemblages in the Cenozoic sediments drilled during legs 56 and 57 in the Japan Trench. The index minerals for the first are hypersthene, augite (± hornblende) in the heavy fraction, and labradorite to andesine plagioclase + colorless volcanic glass in the light fraction. This assemblage is apparently derived from andesitic-belt volcanic products, which may be deposited either directly, just after subaerial volcanic eruptions on nearby island arcs, or as a result of post-eruptive reworking of tephra and older volcaniclastic rocks. The assemblage utterly dominates in Recent deep-sea sediments surrounding such volcanically active island arcs as the Kurile, Aleutian, Idzu-Bonin, Mariana, Tonga, and others, where the contribution of clastic minerals from continental sources is minimized (Murdmaa, 1971; Murdmaa et al., 1979) . Ujie et al. (1977) have found a similar assemblage of clastic minerals in late Cenozoic sediments in northwestern Hokkaido.
Another terrigenous mineral assemblage is marked by epidote + hornblende with minor garnet, zircon, apatite, sphene, and tourmaline in heavy fraction, and by quartz + alkaline feldspars (albite-oligoclase and potassium feldspar) in the light fraction. Some pyroxenes and labradorite may also be associated with the assemblage, but unaltered volcanic glass is absent. This terrigenous assemblage is likely derived from low-grade metamorphic rocks such as greenstones or greenschists, but with an essential contribution from acidic rocks, which may be either granitic or high-grade metamorphic rocks. The epidote + hornblende assemblage is widespread in the Recent sediments on Pacific Ocean margins, where it is probably related to Cenozoic and Mesozoic orogenic source provinces (Murdmaa et al., 1979) .
Along with non-opaque minerals, the Oligocene and lower Miocene clastic rocks at Site 439 contain abundant lithic fragments, which are mainly silicic (quartzose and feldspathic). In smear slides, we detected altered leucocratic volcanic rocks and possibly hydrothermal metamorphic rocks, including those composed of mosaic quartz with mica. Thus, the nearby source area was not merely a volcanic island arc: certain metamorphic basement rocks likely have been exposed on the hypothetical Oyashio landmass. Moreover, we have not found in these sediments any unaltered volcaniclastic matter, which might indicate synsedimentary volcanic activity on nearby islands. Thus, it seems likely that the volcanism which produced the dacitic rocks found as boulders in conglomerates at Site 439 ceased completely before the late Oligocene shallow-water sandstones began to accumulate.
In the Japan Trench Neogene to Quaternary hemipelagic sediments, the andesitic-belt volcaniclastic assemblage apparently predominates, although the terrigenous assemblage is also present in minor quantities. On the deep terrace edge, at Sites 438 and 439, we observed a gradual downward increase in the proportion of the terrigenous assemblage, so that in the lower Miocene turbidites it prevails over the volcaniclastic assemblage, and in the Oligocene shallow-water deposits it makes up the whole coarse-silt fraction.
The Neogene to Quaternary two-pyroxene + hornblende + labradorite + colorless volcanic glass assemblage (scarce quartz, alkaline feldspars, and accessory minerals) is apparently associated with young volcaniclastic products derived from the Japanese andesitic-belt volcanoes. The volcanic activity, however, was not necessarily synsedimentary, but may have been somewhat older. Most of the volcaniclastic material probably is epiclastic and was carried from subaerial tephra deposits together with some non-volcaniclastic terrigenous particles. The terrigenous admixture in the coarse silt seems to decrease with time from the Miocene to the Recent; however, we hesitate to interpret this as evidence of increasing volcanic activity. Vitric-tephra interbeds ("ash layers") likely are much more reliable for reconstruction of volcanic events than is the coarse-silt mineralogy, because the volcaniclastic assemblage is epiclastic.
Comparing the coarse-silt mineral composition in correlative hemipelagic sediments from different sites, we found some evidence of sorting during offshore transportation. The volcanic-glass content relative to feldspar and quartz increases at the outer trench slope (Site 436), and is lowest on the upper part of the inner slope. These changes correspond to the total silt and the coarse silt clastic content in sediments, as indicated by grainsize analyses, if coarse biogenic constituents are excluded: the higher the clastic silt and sand content, the lower volcanic glass in coarse silt. The same patterns were recognized in Recent sediments along two transects across the Kurile Trench (Murdmaa, 1971) , interpreted as evidence of mechanical differentiation of andesitic-belt volcaniclastic material.
